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(54) Gas sensor : 

(57) In order to know the NOx concentration in a 
measurement gas, a gas sensor is provided with a first 
chamber (60) for introducing the measurement gas via 
a first diffusion rate-determining section (56) thereinto, 
a second chamber (62) for introducing an atmosphere' 
thereof via a second diffusion rate-determining section 
(60) thereinto, a main pumping cell (60) for controlling 
the partial pressure of oxygen in the first chamber (60), 
a measuring pumping cell (82) for pumping out oxygen 
in the second chamber (62), and a concentration-detect- 
ing means (including an ammeter (88)) for detecting a 



pumping current (Ip2) flowing in accordance with the op- 
eration of the measuring pumping cell (82). An inner 
pumping electrode (64) exposed to the inside of the first 
chamber (60) is a cermet electrode composed of an al- 
loy of Au and a metal of the platinum group and a ce- 
ramic component and Au is contained in the al by in a 
ratio of not less than 0.3 wt% "and not more than 35 wt%. 
Accordingly, it is possible to suppress the reaction of NO 
+ (1/2)O a -+ N0 2 on the electrode, and measure, for . 
example, the NOx concentration in the measurement 
gas in a stable manner for a long period of time without 
being affected, for example, by oxygen, CO^ and HgO. 
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Descriptl n 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to a gas sensor for - 
measuring gas components such as NO, NO^ S0 2 , 
C0 2 , and H 2 0 contained, for example, in atmospheric 
air and exhaust gas discharged from vehicles or auto- 
mobiles. 

Description of the Related Art: " 

Exhaust gas, which is discharged from vehicles or 
automobiles such as gasoline-fueled automobiles and 
diesel powered automobiles, contains nitrogen oxides 
(NOx) such as nitrogen monoxide (NO) and nitrogen di- 
oxide (N0 2 ), as well as carbon monoxide (CO), carbon 
dioxide (C0 2 ), water (H 2 0), hydrocarbon (HC), hydro- 
gen (H 2 ), oxygen (C^) and so on. In such exhaust gas, 
about 80 % of the entire NOx is occupied by NO, and 
about 95 % of the entire NOx is occupied by NO and 
N0 2 . • ■■ T - 

The three way catalyst, which is used to clean HC, 
CO, and NOx contained in the exhaust gas, exhibits its 
maximum cleaning efficiency in the vicinity of the theo- 
retical air fuel ratio (A/F = 14.6). If A/F is controlled to 
be not less than 16, the amount of produced NOx is de- 
creased. However, the cleaning efficiency of the catalyst 
is lowered, and consequently the amount of discharged 
NOx is apt to increase. '/;..;. . ;>... - 

Recently, in order to effectively utilize fossil fuel and 
avoid global warming, the market demand increases, for 
example, in that the discharge amount of C02 should 
be suppressed. In order to respond to such a demand, 
it becomes more necessary to improve the fuel efficien- 
cy. In response to such a demand, for example.the lean 
bum engine and the catalyst for cleaning NOx are being 
. researched. Especially, the need for a NOx sensor in- 
creases. 

A conventional NOx anaiyzer has been hitherto 
known in order to be used to detect NOx as described 
above. The conventional NOx analyzer is operated to 
measure a characteristic inherent in NOx, based on the 
use of chemical luminous analysis. However, the con- 
ventional NOx analyzer is inconvenient in that the instru- 
ment itself is extremely large and expensive. The con- 
ventional NOx analyzer requires frequent maintenance 
because optical parts are used to detect NOx. Further, 
when the conventional NOx analyzer is used, any sam- 
pling operation should be performed for measurement 
of NOx, wherein it is impossible to directly insert a de- 
tecting element itself into a fluid. Therefore, the conven- 
tional NOx analyzer is not suitable for analyzing tran- 
sient phenomena such as those occur in the exhaust 
gas discharged from an automobile, in which the condi- 
tion frequently varies. 



In order to dissolve the inconveniences as de- 
scribed above, there has been suggested a sensor for 
measuring a desired gas component in exhaust gas by ; 

. - using a substrate composed of an oxygen ion-conduc- 

5 . tive solid electrolyte. 

FIG. 11 shows a cross -sectional arrangement of a 
gas analyzer disclosed in International Publication WO . 
95/30146. This apparatus comprises a first chamber 4 
for introducing a measurement gas containing NO 

jo through a small hole 2 thereinto, and a second chamber 
8 for introducing the measurement gas from the first 
chamber 4 through a small hole 6. Wall surfaces for con- 
structing the first chamber 4 and the second chamber 3 
are composed of zirconia (Zr0 2 ) partition walls 1 0a, 1 0b 

is through which oxygen ion is transmittable. A pair of 
measuring electrodes 12a, 12b, 14a, 14b for detecting 
the partial pressure of oxygen in the respective cham- 
bers are disposed on one of the Zn0 2 partition walls 10a 
of the first chamber 4 and the second chamber S respec- 

20 tively. Pumping electrodes 1 6a, 1 6b, 1 8a, 1 8b for pump- 
, ing out 0 2 in the respective chambers to the outside of 
the chambers are disposed on the other ZrC^ partition 
wall 10b respectively. 

In the gas analyzer constructed as described 

2S . above, the partial pressure of oxygen contained in the 
measurement gas introduced into the first chamber 4 
via the small hole 2 is detected by a voltmeter 20 as a 
difference in electric potential generated between the 
. measuring electrodes 12a, 12b. A voltage in a range of 

30 100 to 200 mV is applied between the pumping elec- 
trodes 1 6a, 1 6b by the aid of a power source 22 so that 
the difference in electric potential has a predetermined 
value. Accordingly, 0 2 in the first chamber 4 is pumped 
out to the outside of the apparatus. The amount of oxy- 

3S gen pumped out as described above can be/neasured 
by using an ammeter 24. : . tx ^ ..'*.- £t>^jt.--*>. 

- On the other hand, the measurement gas, from 
which almost ail of 0 2 has been removed, is introduced 
into the second chamber 8 via the small hole 6. In the 

40 second chamber 8. a difference in electric potential, 
which is generated between the measuring electrodes 
14a, 14b, is detected by using a voltmeter 26. Thus, the 
partial pressure of oxygen in the second chamber 8 is. 
: measured. Further, NO contained in the measurement 

*s gas introduced into the second chamber 8 is decom- 
posed as follows by the aid of the voltage applied be- 
tween the pumping electrodes 1 8a, 18b by means of a 
power source 28: ' 

50 NO -> (1/2)N 2 + (1/2)0 2 

0 2 is generated during this process, which is pumped 
out to the outside of the chamber by the aid of the pump- 
55 ing electrodes 18a, 18b. At this time, a generated cur- 
rent value is detected by using an ammeter 30. Thus, 
the concentration of NO contained in the measurement 
gas is measured. 
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It is considered to be desirable that an aify having 
a low NOx-decomposing ability comprising Au or com- 
prising Au of a content of 1 % and the balance of Pt is 
used at least for the inner pumping electrode 1 6b of the 
oxygen pump based on the use of the electrochemical 
cell provided for the first chamber 4. " *~- : ° : * 

However, such an electrode containing only Au or 
containing an alloy composed of Au is inferior in heat 
resistance. It is feared that if such an electrode is used 
for a long period of time, the electrode function is low- 
ered due to sintering, resulting in insufficient operation 
as an oxygen pump. 

SUMMARY OF THE INVENTION " 

The present invention has been made in order to 
dissolve the drawback involved in the conventional 
measurement of nitrogen oxide, a task to be solved or 
an object of which is to provide a gas sensor which 
makes it possible to suppress the reaction of NO + (1/2) 
0 2 -» N0 2 on the electrode of the main pumping means, 
. and measure, for example, the NOx concentration in a 
measurement gas in a stable manner for a long period 
of time without being affected, for example, by oxygen* 
C0 2 , andH 2 0. . ; :; r ' -' - : 

The present invention provides a gas sensor com- 
prising a main pumping means including a pair of pump- 
ing electrodes one of which is disposed on a side for 
introducing a measurement gas from external space 
thereinto, for pumping-processing oxygen contained in 
the measurement gas introduced from the external 
space, on the basis of a control voltage applied between 
the pair of pumping electrodes so that a partial pressure 
of oxygen in a process atmosphere is controlled to have 
a predetermined vaiue at which NO is not decomposa- 
ble; a measuring pumping means including a pair of de- 
tecting electrodes one of which is disposed on a side for 
introducing the measurement gas after being pumping- 
processed by the main pumping means thereinto, for 
pumping-processing oxygen contained in the measure- 
ment gas after being pumping-processed by the main 
pumping means, on the basis of a measuring voltage 
applied between the pair of detecting electrodes; and a 
current-detecting means for detecting a pumping cur- 
rent generated depending on an amount of the oxygen 
pumping-processed by the measuring pumping means; 
wherein at least one of the electrodes exposed to a proc-" 
ess space for the measurement gas introduced from the 
external space is a cermet electrode composed of an 
alloy of Au and a metal of the platinum group and a ce- 
ramic component, and Au is contained in the alloy in a 
ratio of not less than 0.3 wt% and not more.than 35 wt%. 

According to the present invention, at first, the ox- 
ygen, which is contained in the measurement gas intro- 
duced from the external space, is pumping-processed 
by the main pumping means, and the oxygen is adjusted 
to have a predetermined concentration. The measure- 
ment gas, which has been adjusted for the concentra-' 



tion of oxygen by means of the main pumping means, 
is introduced into the measuring pumping means in the 
next step. The measuring pumping means pumping- 
processes the oxygen contained in the measurement 
gas on the basis of the measuring voltage applied be : 
tween the pair of detecting electrodes. The pumping cur- 
rent, which is generated in the measuring pumping 
means depending on the amount of oxygen pumping- 
processed by the measuring pumping means, is detect- 
ed by the current-detecting means. Thus, the predeter- 
mined gas component corresponding to the amount of 
oxygen is measured. .. '* V v < 

That is, the measuring pumping means is operated 
while applying a voltage sufficient to decompose the 
predetermined gas component, between the pair of de- 
tecting electrodes, or the measuring pumping means is 
arranged with a decomposing catalyst for decomposing 
the predetermined gas component! By doing so, it is 
possible to pumping-process the oxygen produced from 
the predetermined gas component decomposed by the 
action of the voltage and/or the decomposing catalyst. 
The pumping current generated thereby is detected by 
the current-detecting means.. Thus, the predetermined 
gas component is : measured corresponding " to the 
amount of oxygen. ~ . Y-:* ' . Z* • V 

~ According to another aspect of the present inven- 
tion, there is provided a gas sensor comprising a main 
pumping means including a pair of pumping electrodes 
one of which is disposed on a side for introducing a 
measurement gas from external' space thereinto, for 
pumping-processing oxygen contained in the measure; 
ment gas introduced from the external space, on the ba- 
sis of a control voltage applied between the pair of 
pumping electrodes so that a partial pressure of oxygen 
in a process atmosphere is controlled to have a prede- 
termined value at which NO is not decomposable; a con- 
centration-detecting means including a pair of detecting 
electrodes one of which is disposed on a side for intn> 
ductrigthe measurement gas after being pumping-proc- 
essed by the main pumping means' thereinto, for gener- 
ating an electromotive force corresponding to a differ- 
ence between an amount of oxygen contained in the 
measurement gas after being pumping-processed by 
the main pumping means and an amount of oxygen con- 
tained in a gas existing on a side'of the other detecting" 
electrode; and a voltage-detecting means for detecting 
the electromotive' force generated by the concentration- 
detecting means; wherein at least one of the eiectrodes 
exposed to a process space for the measurement gas 
introduced from the external space is a cermet electrode 
composed of an alloy of Au and a metal of the platinum 
group and a ceramic component, and Au is contained 
in the alloy in a ratio of not iess than 0.3 wt% and not 
more than 35 wt%. ' ' ; ~ ' * ^; V " .^^ -r 

According to the present invention, at first, the ox- 
ygen, which is contained in the measurement gas intro- 
duced from the external space, is pumping-processed 
by the main pumping means, and the oxygen is adjusted 
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to have a predetermined concentration. The measure- 
ment gas, which has been adjusted for the concentra- 
tion of oxygen by means of the main pumping means, 
is introduced into the concentration-detecting means in . 
the next step. The concentration-detecting means gen- 
erates the electromotive force of the oxygen concentra- 
tion cell corresponding to the difference between the 
amount of oxygen contained in the measurement gas 
after being pumping-processed by the. main pumping 
means and the amount of. oxygen contained in the gas 
existing on the side of the other detecting electrode. The 
electromotive force is detected by the voltage-detecting 
means Thus, the predetermined gas component corre- 
sponding to the amount of oxygen is measured. . - 
In this aspect, when the concentration-detecting 
means is arranged with a decomposing catalyst for de- . 
composing the predetermined gas component, the eiec-. 
tromotive force of the oxygen concentration cell is gen- 
erated between the pair of detecting electrodes, which 
corresponds to a difference between the amount of ox-, 
ygen produced from the predetermined gas component 
decomposed by the action of the decomposing catalyst 
and the amount of oxygen contained in the gas existing 
on the side of the other detecting electrode. The'elec- 
tromotive force is detected by the voltage-detecting 
means. Thus, the predetermined gas component corre- 
sponding to the amount of oxygen is measured. . _.. * 
Explanation will now be made referring to, for ex- 
ample, a gas sensor for measuring NO. The sensitivity 
to NO of the gas sensor is increased as the 0 2 concen- 
tration becomes high. It has been revealed that the in- 
crease in sensitivity relates not only to the shortage of 
0 2 pumping but also to the reaction of NO + (1/2)0 2 -+ 
NO2 effected on the one of the pumping electrodes ex- 
posed to the process space for the measurement gas 
introduced from the external space! ,. . . ' V.!.^.;- 
The reaction of NO + (1/2)0 2 N0 2 described 
above results from the fact that the oxidizing catalyst 
performance remains in the one of the pumping elec-. 
trodes. Therefore, it is possible to suppress the reaction 
of NO + ( 1 /2p 2 N0 2 by further lowering the catalytic 
activity of the one of the pumping electrodes, «-? 

When the gas sensor is used (operated) for a long 
period of time, then the electrode is subjected to an ag- 
ing process, and the catalytic activity is increased. When 
the catalytic activity of the electrode for adjusting the 
concentration is increased, the decomposition of NO oc- 
curs in the process space for the main pumping means 
or in the process space for the measuring pumping 
means or the concentration -detecting, means, resulting 
in occurrence of decrease in sensitivity (degree of de- 
crease in the pumping current flowing between the pair 
of detecting electrodes, or in the electromotive force 
generated between the pair of detecting electrodes). 

The cause of expression of the catalytic activity re- 
sides in the decrease in Au concentration in the elec- 
trode when the alloy composed of Au and the metal be- 
longing to the platinum group is used for the electrode. 



. . The route of diffusion of Au includes (1) evaporation of 
Au and (2) diffusion of Au to lead wires. Therefore, if the 
amount of Au added to the electrode is increased, the 
catalytic activity js not expressed even when Au in the 
5 electrode is decreased as a result of operation of th 
gas sensor for a long period of time. - • , w 

in the present invention described above, at least • 
one of the electrodes exposed to the process space for 
the measurement gas introduced from the external 
10 space is the cermet electrode composed of the alloy of 
. Au and the metal of the platinum group and the ceramic 
component, and Au is contained in the alloy in a ratio of 
not less than 0.3 wt% and not more than 35 wt%. . 
In the present invention, the electrode containing 
'5 the alloy has an extremely low activity as the NO-de- 
composing catalyst, and it does not decompose NO 
even at a low partial pressure of oxygen. That is, the 
reaction of NO + (t/2)0 2 -+ N0 2 is suppressed on the 
one of the pumping electrodes exposed to the process 
20 space for the main pumping means, and the NO sensi- 
tivity of the gas sensor scarcely depends on the concen- 
tration of 0 2 contained in the measurement gas. - 
, • The amount of Au to be added is defined to be not 
less than 0.3 wt% and not more than 35 wt%. Accord- 
25 ingly, even when the Au component in the one of the . 
"pumping electrodes of the main pumping means is de- 
creased due to the operation of the gas sensor for a long 
period of time, the catalytic activity of the one of the 
pumping electrodes is not expressed. ; . ^ r :• '-><«-'.• 
30 z As a result, in the gas sensor according to the 
present invention, the oxygen, which behaves as a dis- 
turbing component for the measurement of the prede- 
termined gas component, can be excluded to be sub- 
stantially zero without exerting any influence on . the 
35 measu rement of the predetermined gas component. Ac-, 
..- cordingly, jxjs possible to measure the predetermined 
; gas component contained -in the measurement gas 
highly accurately and stably for a long period of time by 
. the aid of the measuring pumping means and the cur- 
. 40,. rent-detecting means. " ^cyy^'r~::r:£:'i:s ^£-r4tT"*:V;. 
'•" f ^ ,lt is preferable that Au is contained in the alloy of 
- Au and the metal of the platinum group in an amount of 
not less than 0.5 wt% and not more than 10 wt% with 
respect to the metal of the platinum groups : v :JV <>. \ 
4* . . It is also preferable that the gas sensor constructed 
as described above further comprises a concentration- 
. measuring means including a pair of measuring elec- 
trodes one of which is disposed on a side for introducing 
the measurement gas from the external space thereinto. 
so for. measuring an electromotive force generated de- 
pending on a difference between an amount of oxygen, 
contained in the measurement gas during the pumping 
process effected by the main pumping means and an 
amount of oxygen contained in an atmosphere on a side 
55 of the other measuring electrode; and a main pumping 
control means for adjusting the control voltage for the 
main pumping means on the basis of the electromotive 
force detected by the concentration-measuring means. 



7 



EP 0 859 233 A2 



8 



Accordingly, "the concentration-measuring means 
generates the electromotive force corresponding to the 
difference between the amount of oxygen contained in 
the measurement gas during the pumping process ef- 
fected by the main pumping means and the amount of 
oxygen contained in the gas existing on the side of the 
other measuring electrode. The level of the control volt- 
age, which is applied between the pair of pumping elec- 
trodes of the main pumping means, is adjusted on the 
basts of the electromotive force by the aid of the main 
pumping control means. 

The main pumping means pump ing-p recesses the 
oxygen contained in the measurement gas introduced 
from the external space, in an amount corresponding to 
the level of the control voltage. The concentration of ox- 
ygen in the measurement gas is subjected to feedback 
control to achieve a predetermined level, in accordance 
with the supply of the level-adjusted control voltage to~ 
the main pumping means. " 

It is preferable that the main pumping control means 
is provided with a comparing means for determining a 
deviation between the electromotive force and a com- 
parative voltage, and the level of the control voltage is 
adjusted on the basis of the deviation obtained by the 
comparing means: In this embodiment, the control volt- 
age is subjected to feedback control so that the terminal 
voltage is converged to the comparative voltage. 

It is preferable that the gas sensor constructed as 
described above further comprises a pumping current- 
detecting means for detecting a pumping current flowing 
through the main pumping means during the pumping 
process effected by the main pumping means, and a 
comparative voltage-correcting means for correcting a 
level of the comparative voltage on the basis of a value 
of the pumping current detected by the pumping current- 
detecting means. r ■ - fro 
' Usually, the current flows through the main pump' 
during the pumping process effected by the main pump- 
ing means. Accordingly, the amount corresponding to 
the voltage drop caused by the impedance of the main 
pumping means appears as an error in the adjustment 
for the level of the control voltage. : . - ; -r— . 

- In this invention, the pumping ; current flowing 
through the rnain pumping means is detected, and an 
obtained pumping current value is reflected to the com- 
parative voltage. Therefore, the error is effectively ab- 
sorbed, making it possible to accurately perform the 
feedback control without causing any oscillation phe-" 
nomenon in the feedback control for the main pumping 
means. . .. ^- • ; 

It is also preferable for the gas sensor constructed 
as described above that the one pumping electrode of 
the main pumping means is commonly used as the one 
measuring electrode of the concentration-measuring ' 
means. In this embodiment, the one pumping electrode 
is commonly provided and used as the one measuring 
electrode. Accordingly, when the oxygen concentration 
in the process space is changed in accordance with the 



pumping process effected by the main pumping means, 
the electromotive force measured by the concentration- 
measuring means is also changed without any time de- 
lay. Therefore, it is possible to perform the feedback 
control effected by the concentration-measuring means 
for the main pumping means without causing any oscil- - 
lation. 

When the one pumping electrode of the main pump- 
ing means is commonly used as the one measuring 
electrode of the concentration-measuring means as de- 
scribed above, if the oxygen concentration in the meas- 
urement gas introduced from the external space is high, 
then an excessive correction state is given, in which the 
decomposition of NO takes place in the process space 
for the main pumping means, resulting in decrease in 
sensitivity. . \' ; :r ~ 

However, in the present invention, the one pumping 
electrode of the main pumping means is selected as at 
least one electrode exposed to the process space for 
the measurement gas introduced from the external 
space, making it possible that the one pumping elec- 
trode is the cermet electrode composed of the alloy of 
Au and the metal of the platinum group and the ceramic 
component, and Au is contained in the alloy in the ratio 
of not less than 0\3 wt% and not more than 35 wt%; Ac-^ 
cordingly, even when the excessive correction state is 
given as described above^ the decomposition of NO is 
suppressed in the process space for the main pumping 
means, making it possible to effectively avoid the de- 
crease in sensitivity. . ~* . y * 7 

It is also preferable that the gas sensor constructed . . 
as described above further comprises an auxiliary 
pumping means including a pair of auxiliary pumping 
electrodes one of which is formed in the vicinity of the 
one detecting electrode, for pumping-processing oxy-_ 
gen contained in the measurement gas after ; being 
pumping-processed by the main pumping means on the . 
basis of an auxiliary pumping voltage applied between 
the pair of auxiliary pumping electrodes. '\ [ f " ' ^ ^ 

Accordingly, the measurement gas, which has been 
firstly subjected to coarse adjustment for the oxygen 
concentration to have a predetermined concentration by 
the aid of the main pumping means, is further subjected 
to fine adjustment for the oxygen concentration by the f 
aid of the auxiliary pumping means. r '^^\-Z ■'" 

1 In general, when the oxygen concentration in the 
measurement gas in the external space is greatly ' 
changed (for example, from 0 % to 20 %), then the ox- 
ygen concentration distribution in the measurement gas ' 
to be introduced into the main pumping means is greatly 
changed, and the amount of oxygen to be introduced ^ 
into the measuring pumping means or the concentra- 
tion-detecting means is also changed. . u ' 

- During this process, the oxygen concentration in the 
measurement gas after being pumping-processed by 
the main pumping means is finely adjusted in accord- ' 
ance with the pumping process effected by the auxiliary 
pumping means. However, owing to the pumping proc- 
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ess performed by the main pumping means, the change 
in concentration of oxygen in the measurement gas in- 
troduced into the auxiliary pumping means is greatly re- 
duced as compared with the change in concentration of 
oxygen in the measurement gas introduced from the ex- 
ternal space (measurement gas introduced into the 
main pumping means). Accordingly, it is possible to ac- 
curately and constantly control the oxygen concentra- 
tion in the vicinity of the one detecting electrode of the 
measuring pumping means or in the vicinity of the one 
detecting electrode of the concentration-detecting 
means. : ... ... \ 

Therefore, the concentration of the predetermined 
gas component introduced into the measuring pumping 
means or the concentration -detecting means is scarcely 
affected by the change in concentration of oxygen in the 
measurement gas (measurement gas introduced into 
the main pumping means). As a result, the pumping cur- 
rent value detected by the current-detecting means or 
the electromotive force detected by the voltage-detect- . 
ing means is not affected by the change in oxygen con- 
centration in the measurement gas, which has a value 
accurately corresponding to the amount of the objective 
component existing in the measurement gas. 

. In the invention described above, it is also prefera- 
ble that the other auxiliary pumping electrode is com- 
monly used as the outer pumping electrode of the main 
pumping means. Accordingly, the oxygen in the process 
space for the auxiliary pumping means is subjected to 
the pumping process to be pumped out to the external 
space by the aid of the outer pumping electrode. 

(t is also preferable that the gas sensor constructed 
as described above further comprises an auxiliary con- 
centration-measuring means including a pair of auxiliary 
measuring electrodes one of which is disposed on aside 
for introducing the measurement gas after, being pump? 
ing-processed by the main pumping means, for gener- 
ating an electromotive force corresponding to a differ-^ 
ence between an amount of oxygen contained in the 
measurement gas after being pumping-processed by 
the main pumping means and an amount of oxygen con- 
tained in a gas existing on a side of the other auxiliary j 
measuring electrode, and an auxiliary pumping control 
means for adjusting the auxiliary pumping voltage for 
the auxiliary pumping means on the basis of the elec- 
tromotive force detected by the auxiliary concentration- 
measuring means. ..... ... . ..v.;.,-', 

Accordingly, the auxiliary concentration-measuring 
means generates the electromotive force correspond- 
ing to the difference between the amount of oxygen con- ^ 
tained in the measurement gas during the pumping 
process effected by the auxiliary pumping means and 
the amount of oxygen contained in the gas existing on 
the side of the other measuring electrode. The level of 
the auxiliary pumping voltage applied to the pair of aux- 
iliary pumping electrodes of the auxiliary pumping 
means is adjusted on the basis of the electromotive 
force by the aid of the auxiliary pumping control means. 



. The auxiliary pumping means pumping-processes 
oxygen contained in the measurement gas- introduced 
from die external space, in an amount corresponding to 
the level of the auxiliary pumping voltage. The concen- 
s tration of oxygen in the measurement gas is subjected 
to feedback control to be at a predetermined level in ac-. 
cordance with the supply of the level-adjusted auxiliary 
pumping voltage to the auxiliary pumping means. . - 
In the gas sensor constructed as described above, 
?o it is also preferable that the one auxiliary measuring 
electrode is commonly used as the one auxiliary pump- . 
ing electrode of the auxiliary pumping means, and the 
other auxiliary measuring electrode is commonly used 
as the other detecting electrode of the concentration-, 
is detecting means. 

In this embodiment, when the oxygen concentration 
in the process space is changed in accordance with the 
pumping process effected by the auxiliary pumping 
means, the electromotive force measured by the auxil- 
20 jary concentration-measuring means is also changed 
without any time delay. Accordingly, it is possible to ap-' . 
propriately perform the feedback control effected by the • 
auxiliary concentration-measuring means for the auxilr 
iary pumping means without causing any oscillation. 
25 . .. Preferably, the gas sensor is constructed such that 
the plurality of electrodes for constructing the respective 
means are formed on a substrate including solid elec.v 
trolytes, and the substrate is constructed by forming an 
insulatiye layer and an electrode layer on a green sheet;. 
30 composed of the solid electrolyte, stacking and integrat- 
. . ing a plurality of the green sheets into one stacked unit, • . 
and sintering the stacked unit.. 7f: r r , •.• ^ii-ys . 

For example, an electrode paste is printed on the 
green sheet, and the respective sheets are stacked, cut, .' 
35 and integrally sintered to produce the gas sensor. In this , 
. procedure, when at least one electrode exposed to the > . 
process space for the measurement gas introduced 
from the external space is constructed by a cermet elec- . 
trode composed of an alloy of Au and a metal of the plat- , 
40 inum group and a ceramic component, if Au is added in 
an amount of not less than 37 wt%, then abnormal grain m 
. growth occurs in the Au-Rt aljoy. As a result, for exam- ; 
pie, , it become difficult to perform the sintering at 
1300 9 C. That is, such an electrode cannot be sintered : 
*s in an integrated manner. Therefore, the upper- limit of ; 
the adding amount of Au is less than 37 wt%. Preferably, 
as defined in the present invention, Au is desirably add-, : . 
ed in an amount of not more than 35 wt%. 

On the other hand, if Au is added in an amount of . 
50, 0.2 wt%, the detection sensitivity to the predetermined- 
gas component is lowered in the measuring pumping 
means and the concentration-detecting means in the 
excessive correction state described above. Further, the 
detection sensitivity is also towered in the measuring 
55 pumping means and the concentration-detecting means . 
when the gas sensor is operated for a long period of 
time. Therefore, it is desirable that the lower limit for the 3 
adding amount of Au is not less than 0.3 wt%. V . 
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The above and other objects, features, and advan- 
tages of the present invention will become more appar- 
ent from the following description when taken in con- 
junction with the accompanying drawings in which a pre- 
ferred embodiment of the present invention is shown by 
way of illustrative example/ - - : r- 

DESCRIPTION OF THE DRAWINGS 

FIG. .1 shows a cross-sectional view illustrating a 
gas sensor according to a first embodiment 

FIG. 2 shows characteristic curves illustrating the 
limiting current characteristic of the gas sensor accord- 
ing to the first embodiment. 

FIG. 3 shows characteristic curves illustrating ex- 
perimental results obtained in a first illustrative experi- 
ment (relationship between the NO concentration and 
the pumping current \p2). : • - "• • 7 * ■ 

FIG. 4 shows characteristic curves illustrating ex- 
perimental results obtained in a second illustrative ex- 
periment (relationship between the Au-adding amount 
and the NO decomposition ratio, and relationship be- 
tween the Au-adding amount and the NO oxidation ra- 
tio). ' V -.• "■• /■•->'.. ;" -v ' : \ ZL : :: : 

FIG. 5 shows characteristic curves illustrating ex- 
perimental results obtained in a third illustrative experi- 
ment (relationship between the Au-adding amount and 
the NO decomposition ability). - ' , r — . * ' -. 

FIG. 6 shows characteristic curves illustrating ex- 
perimental results obtained in a fourth illustrative exper- 
iment (degree of decrease in sensitivity in the excessive 
correction state): : - ' ' - * ? V *-\ Sr > '-^p 

FIG. 7 shows characteristic curves illustrating ex- 
perimental results obtained in a fifth illustrative experi- 
ment (relationship between the durable time and the 
sensitivity to NO), -f " : C /\ ; ; c; ;; J ° 

FIG. 8 shows a cross-sectional view illustrating a^ 
gas sensor according to a second embodiment. ' r * ' ' """"" 
* FIG. 9 shows characteristic curves illustrating ex-^ 
perimentat results obtained in ah illustrative experiment . 
concerning the gas sensor according to the second em- 
bodiment (relationship between the NO concentration 
and the pumping current Ip2)/ • • ; * "* " " ^ 

FIG. 10 shows characteristics illustrating the rela- 
tionship between the Au-adding amount and the pres- 
ence or absence of the occurrence of abnormal grain 
growth, and the change in electrode resistance. ; :i 

FIG. 1 1 shows a cross-sectional view illustrating the ? 
gas analyzer concerning the conventional technique. " r 

DESCRIPTION OF THE PREFERRED ' \ : 
EMBODIMENTS ■ : ;" '•■ fc ' \ 

Explanation will be made below with reference to 
FIGs. 1 to 10 for several illustrative embodiments in 
which the gas sensor according to the present invention 
is applied to gas sensors for measuring oxides such as 
NO, N0 2 , S0 2 , C0 2 . and HgO contained in, for example, 



atmospheric air and exhaust gas discharged from vehi- 
cles or automobiles, and inflammable gases such as CO 
and CnHm. ' f * 

At first, as shown in FIGs. 1 arid 2, a gas sensor 
50 A according to the first embodiment is generally con- 
structed to have a lengthy plate-shaped configuration 
comprising, for example, six stacked solid electrolyte 
layers 52a to 52f composed of ceramics based on the 
use of oxygen ion-conductive solid electrolytes such as 
Zr0 2 . First and second layers from the bottom are des- 
ignated as first and second substrate layers 52a, 52b 
respectively. Third and fifth layers from the bottom are 
designated as first and second spacer layers 52c, 52e 
respectively. Fourth and sixth layers from the bottom are 
designated as first and second solid electrolyte layers 
52d, 52f respectively. 

- Specifically, the first spacer iayer 52c is stacked on 
the second substrate layer 52b. The first solid electrolyte 
layer 52d, the second spacer layer 52e, and the second 
solid electrolyte layer 52f are successively stacked on 
the first spacer layer 52c. }'l v ' 

- A space (reference gas-introducing space) 54, into 
which a reference gas such as atmospheric air to be 
used as a reference for measuring oxides is introduced, 
is formed between the second substrate layer 52b and 
the first solid electrolyte layer 52d, the space 54 being 
comparted by a lower surface of the first solid electrolyte 
layer 52d, an upper surface of the second substrate lay-' 
er 52b, and side surfaces of the first spacer layer 52c. ■ 

; The second spacer layer 52e is interposed between 
. the first and second solid electrolyte layers 52d, 52T 
First and second diffusion ratendetermining sections 56, . 
58 are also interposed between the first and second sof- 
/ id electrolyte layers 52d*. 52f? " ■ ''-''^'Ji ^ \'l 
. A first chamber 60 for adjusting the partial pressure ', 
of oxygen in a measurement gas is formed and com- r 
parted by a lower surface of the second solid electrolyte 
layer 52f , side surfaces of the first and second diffusion 
rate-determining sections 56, 58, and an upper surface' 
of the first solid electrolyte layer 52d/A second chamber . 
62 for finely adjusting the partial pressure of oxygen in 
the measurement gas and measuring nitrogen oxides 
(for example, NOx) in the measurement gas is formed, 
and comparted by a lower surface of the second solid 
electrolyte layer 52f,"a side surface of the second diffu- 
sion rate-determining section 58, a side surface of the 
second spacer layer 52e, and an upper surface of the v 
first solid electrolyte layer 52d." ' V'-*jI' " Tl!.* \ 

. .'The external space communicates with the firsts 
chamber 60 via the' first diffusion : rate determining sec- 
tion 56, and the first chamber 60 communicates with the 
second chamber 62 via the second diffusion rate-deter- . 
mining section 53. / "j' 1 ' r 7 ... 

The first and second diffusion -rate determining sec- , 
tions 56, 58 give predetermined diffusion resistances to 
the measurement gas to be introduced into the first and 
second chambers 60, 62 respectively. Each of the first 
and second diffusion-rate determining sections 56, 58 
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can be formed as a passage composed of, for example, 
a porous material, or a smaJI hole having a predeter- 
mined cross-sectional area so that the measurement . 
gas may be introduced. 

Especially, the second diffusion-rate determining 
section 53 is arranged and filled with a porous material 
comprising, for example, Zr0 2 . The diffusion resistance 
of the second diffusion- rate determining section 58 is 
made larger than the diffusion resistance of the first dif- 
fusion-rate determining section 56. ' 

The atmosphere in the first chamber 60 is intro- 
duced into the second chamber 62 under the predeter- 
mined diffusion resistance via the second diffusion rate- 
determining section 53. ... 

An inner pumping electrode 64 composed of a po- 
rous cermet electrode is formed continuously over an 
upper surface portion for forming the first chamber 60, 
of the upper surface of the first solid electrolyte layer 
52d, the side surface of the second spacer layer 52e, 
and the lower surface of the second solid electrolyte lay- 
er 52f. An outer pumping electrode 66 is formed on a 
portion corresponding to the inner pumping electrode 
64, of the upper surface of the second solid electrolyte 
layer 52f. An electrochemical pumping ceil, i.e., a main 
pumping cell 68 is constructed by the inner pumping, 
electrode 64, the outer pumping electrode 66/and the 
second solid electrolyte layer 52f interposed between 
the both electrodes 64 ; 66. _ _ . 7 

A desired control voltage (pumping voltage) Vp1 is 
applied between the inner pumping electrode 64 and the 
outer pumping electrode 66 of the main pumping cell 68 
by the aid of a feedback control system 70 described" 
later on to allow a pumping current I pi to flow in a positive 
or negative direction between the outer pumping elec- . 
trode 66 and the inner pumping electrode 64. Thus, the 
oxygen in the atmosphere in the first chamber^ 60 can 
be pumped out to the external space, or the oxygen in 
the external space can be pumped into the first chamber 

60.' ' ( ^} r. \; r '\ 

A reference electrode 72 for measuring the partial 
pressure of oxygen of the measurement gas is'formed 
on a lower surface portion for forming the reference gas- 
introducing space 54] of the lower surface of. the first 
solid electrolyte layer 52d. . / " J V, ... . -S 

In this arrangement, an electromotive force of an 
oxygen concentration cell is generated on the basis of 
a difference between a partial pressure of oxygen in the 
atmospheric air introduced into the reference gas-intrb- , 
ducing space 54 and a partial pressure of oxygen in the 
measurement gas introduced into the first chamber 60. , 
The electromotive force is represented by an electric po-" 
tential difference V0 between the reference gas-intro-, 
ducing space 54 and the first chamber 50. The electric ' 
potential difference V0 can be determined in accord- 
ance with the following Nemsfs equation. - ~- ... 

V0 = RT/4F.ln(P1(O 2 yP0(O 2 )) .-- \ ' '7 - 



. . : R: gas constant; . - - \.-\ " 

.. T: absolute temperature; '.- j. 

.... F: Faraday constant; I 

P1 (O^): partial pressure of oxygen in the gas-intro- 
5 " „. ducing space; .... 

P0(O 2 ): partial pressure of oxygen in the reference 

gas. 

Therefore, the partial pressure of oxygen in the first 

10 chamber 60 can be measured by measuring the electric 
• potential difference VO generated on the basis of the 
Nernsf s equation. That is, an electrochemical sensor 
cell, i.e., a controlling oxygen partial pressure-detecting 
ceil 1 20 is constructed by the inner pumping electrode 

is 64, the reference electrode 72, and the first solid elec- 
trolyte layer 52d. 

In general, a pumping voltage Vpl , which is set on 
the basis of the electric potential difference V0, is ap- 
plied between the inner pumping electrode 54 and the 

20 outer pumping electrode 66 by the aid of feedback con- 
trol system 70. Oxygen is pumped out from or pumped 
in into the first chamber 60 by the main pumping cell 68 
in accordance with application of the pumping voltage 
Vpl . Accordingly, the partial pressure of oxygen in the 

2S first chamber 60 is set to have a predetermined value. 
. ^he gas sensor 50A according to the first embodi- 
ment is constructed such that the electromotive force 
(voltage) V0 generated between the inner pumping 
electrode 64 and the reference electrode 72 is meas- 

30 ured to determine a difference between the measured 
voltage V0 and the reference voltage Vb so that the . 
pumping voltage Vp1 is controlled on the basis of k the 
determined differential voltage Vc by the aid of the feed- 
back control system 70. ~<r><^.~ --Nj-rr.. 

35 -.. ...Explanation will now be made for an exemplary cir- . 
cuit for the feedback control system 70 which is wired 
. and connected as follows. .That is, the feedback control 
system 70 is provided with a comparator 74 for compar- 
ing the reference voltage Vb with the terminal voltage 

40 V0 between the reference electrode 72 and the, inner 
pumping" electrode 64 and outputting an output in an . 
amount corresponding to a difference therebetween as 
a voltage signal Vc, and a first amplifier 76 for amplifying 
the output Vc from the comparator 74 with a predeter- 

4S mined gain.. the output voltage (differential voltage), 
from the first amplifier 76 is applied, as the pumping volt- r 
age Vpl to be supplied to the main pumping cell 68, be-^ 
tween the inner pumping electrode 64 and the outer' 
pumping electrode 66. In this embodiment, the inner 
so. pumping electrode 64 is grounded. 

In this arrangement, when the amount of oxygen . 
pumped out by the main pumping cell 68 is changed, : 
and the oxygen concentration in the first chamber 60 is 
changed, then the terminal voltage V0 between the in- 
55 ner pumping electrode 64 of the mairt pumping cell 68 
and the reference electrode 72 is changed without any 
. . time delay (the terminal voltage is changed in real-time). 
Accordingly, the oscillation phenomenon in the feed- 
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back control system 70 can be effectively suppressed. 

In the feedback control system 70, the pumping 
voltage Vp1 (output voltage) is subjected to feedback 
control so that the terminal voltage V0 between the inner 
pumping electrode 64 and the reference electrode 72 
converges to the same level as that of the reference volt- 
age Vb. 

In addition to the arrangement described above, the 
feedback control system 70 further comprises a resistor 
Ri for detecting the pumping current, the resistor Ri be- 
ing inserted and connected between the outer pumping 
electrode 66 and the output end of the first amplifier 76, 
and a second amplifier 78 connected for amplifying a 
terminal voltage VI of the resistor Ri with a predeter- 
mined gain and superimposing an obtained amplified 
voltage Vd on the reference voltage Vb. 

That is, the feedback control system 70 is wired and 
connected such that the current, which flows between 
the inner pumping electrode 64 and the outer pumping 
electrode 66 corresponding to the oxygen pumped out 
and pumped in by main pumping cell 68, is converted 
into a voltage Vi corresponding to a value of the current 
in accordance with the voltage drop effectuated in the 
resistor. Ri, and the voltage VI is supplied to the second 
amplifier 78. — . ^ 

In general, the current (pumping current) Ip1 flows 
through the main pumping cell 68 when the oxygen is 
pumped out and pumped in by the aid of the main pump- 
ing cell 68. Therefore, the amount corresponding to the 
voltage drop resulting from the impedance of the main 
pumping ceil 68 appears as an error in the operation of 
level adjustment for the pumping voltage Vp1. : . - 

However, in the gas sensor 50A according to the 
first embodiment the pumping current Ip1 flowing 
through the main pumping cell 63 is converted into the 
voltage VI by using the resistor Ri, and the voltage VI is 
amplified by the second amplifier 78 with the predeter- 
mined gain to obtain the correction voltage Vd which is 
superimposed on the reference voltage Vb. That is, only 
the amount corresponding to the voltage drop resulting 
from the boundary resistance (impedance) of the inner 
pumping electrode 64 is superimposed on the voltage 
V0 between the inner pumping electrode 64 and the ref- 
erence electrode 72. The amount corresponding to the 
voltage drop is considerably decreased. Therefore, it is 
sufficient for the amount corresponding to the voltage 
drop to be slightly corrected, and hence the accuracy is 
improved to that extent In other words, the amount cor- 
responding to the voltage drop resulting from the imped- 
ance of the main pumping cell 68 is reflected, as the 
correction voltage Vd, to the reference voltage Vb (or 
superimposed on the reference voltage Vb). Therefore, 
the control effected by the feedback control system 70 
is corrected so that the pumping current Ip1 flowing 
through the main pumping cell 68 is constant Accord- 
ingly, it is possible to effectively absorb the error result- 
ing from the impedance of the main pumping cell 68 with 
respect to the pumping voltage Vp1, making it possible 



to perform the feedback control for the pumping voltage 
Vp1 with a high degree of accuracy. 

The process described above results in a success- 
ful operation of the gas sensor 50A in which the opera- 

s tion point thereof follows points corresponding to an 
identical amount of the electromotive force as shown in 
FIG. 2 (indicated by a straight line "b" shown in FIG. 2). 
Thus, the oxygen concentration in the first chamber 60 
can be detected highly accurately. In FIG. 2, the hori- 

io zontal axis indicates the voltage V0 between the inner 
pumping electrode 64 and the reference electrode 72. 
and the vertical axis indicates the pumping electrode Ipl 
flowing through.the main pumping cell 68. A straight line 
"a" indicates a state of constant control in which no cor- 

is rection is made for the feedback control system 70. A 
straight line "c" indicates an excessive correction state 
which appears when the oxygen concentration is 
changed in a great degree when correction is made for . 
the feedback control system 70. The excessive correc- 

20 tion state will be described later on. 

In the gas sensor 50A according to the first embod- " 
iment, a detecting electrode 60 having a substantially 
rectangular planar configuration and composed of a po- 
rous cermet electrode is formed at a portion separated . 

2S from the second diffusion rate-determining section 58, 
on an upper surface portion for forming the second' 
- chamber 62, of the upper surface of the first solid elec- 
trolyte layer 52d. An electrochemical pumping cell, i.e., 
/ a measuring pumping cell 82 is constructed by the de— 

30 tecting electrode 80, the reference electrode 72, and the 
first solid electrolyte layer 52d. ? :z : " - % ". 4 * , - J 

'' - A porous A1203' layer or a porous ZrC^ layer for' - ■ '- 

forming a third diffusion rate-determining section 84 is . 
formed so as to surround the detecting electrode SO of 

35 the measuring pumping cell 82: A third chamber is 
formed by a boundary between the third diffusion rate- . : 
determining section 84 and the detecting electrode 80. 

: The detecting electrode 80 may be appropriately 
constructed by selecting a nitrogen oxide-decomposing 

*o catalyst, for example, an Rh cermet a material having •;" 
a low catalytic activity, or a nitrogen oxide-decomposing - 
catalyst arranged in the vicinity of a material having a 
low catalytic activity. In the embodiment of the present .. 
invention, the detecting electrode 80 is composed of a 

45 porous cermet comprising Rh as a metal capable of re- 
ducing NOx as the objective gas component and zirco- 
nia as a ceramic'. ' ]l ■ 5- . ■ • - . 

Accordingly, the detecting electrode 80 functions as : 
» an NOx-reducing catalyst for reducing NOx existing in 

so the atmosphere in the second chamber 62/ Further, the 
oxygen in the atmosphere in the second chamber 62 
can be pumped out to the reference gas-introducing 
space 54 by applying a constant voltage Vp2 between 
the detecting electrode 80 and the reference electrode 

55 72 by the aid of a DC power source 86. The pumping . 
current Ip2, which is allowed to flow in accordance with' 
the pumping operation performed by the measuring '■ 
pumping cell 82, is detected by an ammeter 88. ' f 
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. On the other hand, an auxiliary pumping iectrode ; 
90 composed of a porous cermet electrode is continu- 
ously formed over an upper surface portion for forming 
the second chamber 62 (portion except tor the region . 
for forming the detecting electrode 80), of the first solid 
electrolyte layer 52d, side surfaces of the second spacer 
layer 52e, and the entire lower surface of the second 
solid electrolyte layer 52f. An electrochemical pumping 
cell, i.e., an auxiliary pumping cell 92 is constructed by 
the auxiliary pumping electrode 90, the outer pumping 
electrode 66 of the main pumping cell 68, and the sec- 
ond solid electrolyte layer 52f interposed between the 
both electrodes 66, 90. . . 

An auxiliary control voltage Vp3 is applied between 
the outer pumping electrode 66 and the auxiliary pump- 
ing electrode 90 of the auxiliary pumping cell 92 by the 
aid of a variable power source 94. Thus, the oxygen in 
the atmosphere, in the second chamber 62 can be 
pumped out to the external space. ... 

In the gas sensor 50 A according to the first embod- 
iment, an auxiliary oxygen partial pressure-detecting 
cell 96 is constructed by the auxiliary pumping electrode 
90, the reference electrode 72 t and the first solid elec- 
trolyte layer 52d. 

An electromotive force V1 is generated between the 
auxiliary pumping electrode 90 and the reference elec- 
trode 72 on the basis of a difference in oxygen concen- 
tration between the atmosphere in the second chamber 
62 and the reference gas (atmospheric air) in the refer- 
ence gas-introducing space 54. The auxiliary oxygen 
partial pressure-detecting cell 96 makes it possible to 
• detect the partial pressure of oxygen in the atmosphere 
in the second chamber 62 by measuring the generated 
electromotive force V1 by means of a voltmeter 98. 

The value of the partial pressure of oxygen detected 
as described above is used to control the auxiliary 
pumping voltage Vp3 of the variable power source 94 
to be constant by the aid of a feedback control system 
100. The partial pressure of oxygen in the atmosphere 
in the second chamber 62 is controlled to have a tow. 
value of partial pressure of oxygen which does not sub- 
stantially affects the measurement for the amount of the 
objective component under a condition in which the ob- 
jective gas component (NOx) is not substantially re- 
duced or decomposed. . _ * t> . 

Specifically, the variable power source 94 is control- 
led to provide a voltage value, for example, 450 mV of 
a magnitude to give a limiting current to the pumping for 
the oxygen produced during the decomposition effected 
in the auxiliary pumping cell 92. In this embodiment, 
when the amount of oxygen pumped out by the auxiliary 
pumping cell 92 is changed, and the oxygen concentra- 
tion in the atmosphere in the second chamber 62 is 
changed, then the terminal voltage V1 between the aux- 
iliary pumping electrode 90 and the reference electrode 
72 is changed without any time delay. Accordingly, no 
oscillation phenomenon occurs in the feedback control 
system 100 for the variable power source 94. Thus, it is 



possible to highly accurately control the oxygen cone n- 
. tration in the second chamber 62. 

When it is intended to control the partial pressure 
ot oxygen in the atmosphere in the fust chamber 60 to 
5 have a low value of the partial pressure of oxygen which 
does not substantially affect the measurement of NOx,- 
by operating the main pumping cell 68, in other words, 
when the pumping voltage Vpl is adjusted by the aid of . 
the feedback control system 70 so that the electromotive 
w force V0 generated between the inner pumping elec- 
trode 64 and the reference electrode 72 is constant, if 
the oxygen concentration in the measurement gas 
greatly changes, for example, in a range of 0 to 20 %, 
then the respective partial pressures of oxygen in the 
is atmosphere in the second chamber 62 and in the atmos- 
phere in the vicinity of the detecting electrode 80 slightly 
change in ordinary cases. This phenomenon is caused 
probably because of the following reason. That is, when 
the oxygen concentration in the measurement gas in-. 
20 creases, the distribution of the oxygen concentration oc- 
curs in the widthwise direction and the thickness direc- 
tion in the first chamber 60. The distribution of the oxy- 
gen concentration changes depending on the oxygen 
concentration in the measurement gas. . 
25 . However, in the case of the gas sensor 50A accord-: 
ing to the first embodiment, the auxiliary pumping cell 
92 is provided for the second chamber 62 so that the . 
partial pressure of oxygen in its internal atmosphere al- 
ways has a constant low value of the partial pressure of 
30 oxygen. Accordingly, even when the partial pressure of 
oxygen in the atmosphere introduced from the first 
chamber 60 into the second chamber 62 changes de- 
pending on the oxygen concentration in the measure- 
ment gas, the partial pressure of oxygen in the atmos- 
35 phere in the second chamber 62 can.be always made, 
to have a constant low value, owing to the pumping op-, 
eration performed by the auxiliary pumping cell 92. As 
a result, the partial pressure of oxygen can be controlled 
to have a low value at which the measurement of NOx. 
40. is not substantially affected. ^v«.^ „-•*.. ^ » V^ra 

NOx in the measurement gas introduced into the 
detecting electrode 60. is . reduced or- decomposed 
. around the detecting electrode 80. Thus, for example, 
a reaction of NO 1/2N 2 + 1/202 is allowed to occur. . 
45 In this process, a predetermined voltage Vp2 f for exam- 
ple, 400 mV (700°C) is applied between the detecting 
electrode 80 and the reference electrode 72 for con- 
structing the measuring pumping cell 82, in a direction 
to pump out the oxygen from the second chamber 62 to 
so the reference gas-introducing space 54. — -../. t •7-*^ 
Therefore, the pumping current tp2 flowing through 
the measuring pumping cell 82 has a value which is pro- 
portional to a sum of the oxygen concentration in the 
atmosphere introduced into the second chamber 62. i. 
55 e., the oxygen concentration in the second chamber 62 
and the oxygen concentration produced by reduction or 
decomposition of NOx by the aid of the detecting elec- 
trode 80. ...... 
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The oxygen concentration in th atmosphere in the 
second chamber 62 is controlled to be constant by 
means of the auxiliary pumping cell 92. Accordingly, the 
pumping current Ip2 flowing through the measuring 
pumping cell 82 is proportional to the NOx concentra- 5 
tion. In this embodiment, the third diffusion rate-deter- 
mining section 84 is formed to cover the detecting elec- 
trode 80. Accordingly, the NOx concentration corre- 
sponds to the amount of diffusion of NOx limited by the 
third diffusion rate-determining section 84. Therefore, 
even when the oxygen concentration in the measure- 
ment gas greatly changes, it is possible to accurately 
measure the NOx concentration, based on the use of 
the measuring pumping cell 82 by the aid of the ammeter 
88. That is, the pumping current value I p2 of the meas- 
uring pumping cell 82 represents the amount obtained 
by reduction or decomposition of almost ail NO. There- 
fore, the pumping current value Ip2 does not depend on 
the oxygen concentration in the measurement gas. 

The gas sensor 50 A according to the first embodi- 
ment further comprises a heater 1 02 for generating heat 
in accordance with electric power supply from the out- 
side. The heater 102 is embedded in a form" of being 
vertically interposed between the first and second sub- 
strate layers 52a, 52b. The heater 102 is provided in or- 
der to increase the conductivity of oxygen ion. An insu- 
lative layer 104 composed of alumina or the like is 
formed to cover upper and lower surfaces of the heater 
102 so that the heater 102 is electrically insulated from 
the first and second substrate layers 52a, 52b.* - - 

As shown in Fig. 1 , the heater 1 02 is arranged over 
the entire portion ranging from the first chamber 60 to 
the second chamber 62. Accordingly, each of the first 
chamber 60 and the second chamber 62 is heated to a 
predetermined temperature. Simultaneously/ each of 
the main pumping cell 68, the measuring pumping cell 
82. and the auxiliary pumping cell 92 is also heated to 
a predetermined temperature and maintained at that 
temperature. • ; v ' ' *- • 

' Next, explanation will be made for the composition 
of each of the e lectrodes included in the gas sensor 50 A 
according to the first embodiment. " ; \ ~~ 

Each of the inner pumping electrode 64 and the out- 
er pumping electrode 66 for constructing the main 
pumping cell 68, the detecting electrode 80 and the ref- 
erence electrode 72 for constructing measuring pump- 
ing cell 82, and the auxiliary pumping electrode 90 for 
constructing the auxiliary pumping cell 92 is composed 
of an inactive material having a tow catalytic activity on 
NOx, for example, NO contained in the measurement 
gas introduced into the gas sensor 50 A. : : " r " - ■ 

For example, both of the outer pumping electrode 
66 which contacts with the external space, and the ref- 
erence electrode 72 which contacts with the reference 
gas can be constructed by Pt electrodes. 

The detecting electrode 80 can be constructed, for 
example, by an Rh cermet electrode which functions as 
an NOx-decomposing catalyst. 



~ On the other hand, the inner pumping electrode 64 
which contacts with the measurement gas in the first 
. chamber 60, and the auxiliary pumping electrode 90 
which contacts with the measurement gas in the second 
chamber 62 can be constructed by porous cermet elec- 
trodes. In this embodiment each of them is composed 
of a metal such as Pt and a ceramic such as ZrQ^ It is 
necessary to use a material having a weak reducing 
ability or no reducing ability with respect to the NOx com- 
ponent in the measurement gas, for the inner pumping 
electrode 64 and the auxiliary pumping electrode 90 dis- 
posed at the inside of the first chamber 60 and the sec- 
ond chamber 62 to make contact with the measurement 
gas. Each of these electrodes is composed of, for ex- 
ample, a compound having the perovskite structure 
such as La 3 Cu04, a cermet comprising a ceramic and 
a metal having a tow catalytic activity such as Au, or a 
cermet comprising a ceramic, a metal of the Pt group, 
and a metal having a low catalytic activity such as Au. 

In this embodiment, each of the inner pumping elec- .. 
trode 64 and the auxiliary pumping electrode 90 is com- 
posed of a cermet electrode comprising an alloy of Au 
and a metal of the platinum group and a ceramic com- 
ponent such as Zr0 2 . Moreover, Au is contained in the 
"alloy in a ratio of not less than 0.3 wt% and not more 
than35 wt%.- ■ r y ' . ■ 

Therefore, the inner pumping electrode 64 and the 
auxiliary pumping electrode 90 containing the alloy have 
extremely low activities as NOx-decomposing catalysts, 
which do not decompose NOx even at a low partial pres- 
sure of oxygen. The reaction of NO + (1/2)02 -» N0 2 is 
suppressed on the inner pumping electrode 64 in the 
process space for the main pumping cell 68. Therefore, 
the sensitivity to NO of the gas sensor 50A scarcely de- 
pends on the concentration of 0 2 contained in the meas- 
urement gas. ' s ,;> .r ; ". '[**'■"■ ~ : ; ■" " V- v 
u " Further, the Au-adding amount is defined to be not 
less than 0.3 wt% and not more than 35 wt%. Therefore, 
even when the Au component in the inner pumping elec- 
trode 64 of the main pumping cell 68 is decreased due 
to the operation of the gas sensor 50A for a long period 
of time, the catalytic activity of the inner pumping elec- 
trode 64 is not expressed. * J " W ^ " - 
; j ' As a resulCin the gas sensor 50A according to the 
first embodiment described above, the oxygen, which 
behaves as a disturbing component for the measure- 
; ment of NOx, can be excluded to be substantially zero 
without exerting any influence'on the measurement of 
NOx. Accordingly, it is possible to measure NOx con- 
. tained fn the measurement gas highly accurately and 
stably for a long period of time by the aid of the meas- 
uring pumping cell 82. ' ' ; ' " 
v Explanation will now be made for the ground to de- 
. fine the Au-adding amount to be not less than 0.3 wt% 
and not more than 35 wt%, while referring to five illus- 
trative experiments shown in FIG s. 3 to 7. • 

" At first, in the first illustrative experiment, there were 
prepared a gas sensor constructed in the same manner 
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as the gas sensor 50 A according to the first embodiment : 
in which Au was added to the alloy for constructing the 
inner pumping electrode 64 in an amount of 0. 3 wt% (Ex- . 
ample 1), and a gas sensor constructed in the same 
manner as the gas sensor 50 A according to the first em- 
bodiment in which Au was added in an amount of 0.1 . 
wt% (Comparative Example 1). Observation was made 
for whether or not the reaction of NO + (1/2)0 2 -> N0 2 
was suppressed by increasing the Au-adding amount. 

Experimental results are shown in FIG. 3. In FIG. 3, 
a characteristic line "a* was obtained by plotting the 
change in value of the pumping electrode lp2 when the 
NO concentration in a measurement gas (0 2 concen- 
tration = 0.3 %) was increased, based on the use of Ex- 
ample 1 . A characteristic line *b" was obtained by plot- 
ting the change in value of the pumping electrode I p2 
when the NO concentration in a measurement gas (0 2 
concentration = 20 %) was increased, based on the use 
of Example 1 as well. A characteristic line "c" was ob- 
tained by plotting the change in value of the pumping 
electrode Ip2 when the NO concentration in a measure- ' 
ment gas (0 2 concentration = 20 %) was increased, 
based on the use of Comparative Example 1 . . 

According to the experimental results (FIG. 3), the 
detection sensitivity to NOx in Example 1 (Au-adding 
amount = 0.3 wt%),is not increased even when the ox- 
ygen concentration in the measurement gas in the ex- 
ternal space is greatly changed from 0.3 % to 20 % as 
depicted by the characteristic line "b", as compared with 
the case of Comparative Example 1 (Au-adding amount 
= 0. 1 wt%j. Therefore, it is understood that the reaction . 
of NO -»- (1/2)02 r* N0 2 is suppressed on the inner 
pumping electrode 64 and the auxiliary pumping elec- 
trode 90, as compared with Comparative Example 
. Next, in the second illustrative experiment, the cer- 
. met electrode comprising the alloy of Au and the metal 
of the platinum group and the ceramic component such 
as 2r0 2 was used to observe the NO decomposition ra- 
tio and the NO oxidation ratio obtained when the ratio 
of Au contained in the alloy was changed. Experimental 
results are shown in FIG. 4. In FIG. 4, a characteristic 
curve "a" depicts a characteristic of the change in NO 
decomposition ratio with respect to the change in Au-. 
adding amount, and a characteristic curve "b" depicts a 
characteristic of the change in NO oxidation ratio with 
respect to the change in Au-adding amount. A division 
line (depicted as a chain line), which extends vertically, 
indicates an Au-adding amount = 0.5 wt%. . : . & * Jr ..-.;* 
In the second illustrative experiment, the measure- 
ment was performed by using an NOx analyzer based 
on the measurement principle of the non-dispersion 
type infrared analysis method. In the NOx analyzer, the 
measurement condition for the NO decomposition ratio 
was NO concentration = 1000 ppm, 0 2 concentration = 
10 ppm, and gas temperature = 400°C. The measure- 
ment condition for the NO oxidation ratio was NO con- 
centration - 1000 ppm, O a concentration = 20 %, and 
gas temperature = 400°C. . 



According to the experimental results shown in FIG. 
4, the NO decomposition ratio was approximately zero 
in a range of the Au-adding amount of not less than 0.3 
wt%, and both of the NO decomposition, ratio and the 
5 NO oxidation ratio were approximately zero in a range 
of the Au-adding amount of not less than 8 wt%. Accord- 
ing to this fact, it is understood that the reaction of NO 
+ (1/2)0 2 N0 2 in the first chamber 60 can be dimin- 
ished by optimizing the Au-adding amount. 
10 Next, in the third illustrative experiment, observa- 
tion was made for at what level the decomposition of NO 
occurred, the level being expressed by conversion into 
the electromotive force, when the correction for the ref- 
erence voltage Vb effected by the feedback control sys- 
'5 . tern 70 was in an excessive correction state (indicated 
by the straight line "c" in FIG. 2), due to the increase in 
oxygen concentration. The decomposition of NO can be 
recognized from the fact that the value of the pumping 
electrode lp2 flowing through the measuring pumping 
20 cell 82 is decreased to a level lower than a certain level. 
Experimental results are shown in FIG. 5. In FIG. 5, 
a characteristic curve "a* indicates a characteristic in the 
case of an Au-adding amount = 0, i.e., in the case of a 
Pt electrode. A characteristic curve "b" indicates a char-. 
.25 acteristicinthecaseof an Au-adding amount =0.1 wt%. 
A characteristic curve *c* indicates a characteristic in the 
case of an Au-adding amount = 0.5 wt%. A characteris-. 
tic curve # d" indicates a characteristic in the case of an 
*". Au-adding amount = 1 wt%. A characteristic curve *e" . 
30 indicates a characteristic in the. case of an Au-adding 
amount = 10 wt%. A characteristic curve T indicates a 
. characteristic in the case of an Au-adding amount =, 30 
:wt%. A region located rightward from an electromotive . 
. force = 300 mV indicates a control region concerning an . 
. 3S atmosphere of a partial pressure of 0 2 = 1 .3 x 1 (Katm .. 
, or more. ^ _ . ^ \i- - \> ^o 

. According to FIG. 5, it is understood thatlrie decom- 
position of NO does not occur by appropriately adjusting 
the Au-adding amount even when the target value (= 
4Q reference voltage Vb + control voltage Vd) of the pump- 
ing voltage Vp1 of the main pumping cell 68 is shifted 
toward the low oxygen concentration side. 
. .Next, in the fourth illustrative experiment, observa- . 
tion was made tor the change in sensitivity of the meas- 
45 uring pumping cell 82 (change in pumping electrode Ip2) 
with respect to the change in 0 2 concentration (0 % to 
20 %) in a measurement gas having an NO concentra- 
tion of 5000 ppm, in the excessive correction state. Ex- 
perimental results are shown in FIG. 6. In FIG. 6, a char- 
50 acteristic curve # a" indicates a characteristic in the case . 
of an Au-adding amount = 0.1 wt%. A characteristic 
curve *b" indicates a characteristic in the case of an Au- 
adding amount = 0.5 wt%, A characteristic curve - c" in- 
. dicates a characteristic in the case of an Au-adding 
55 amount = 1 wt%. A characteristic curve *d" indicates a 
characteristic in the case of an Au-adding amount = 10 
. to 30 wt%. 

... According to FIG. 6, it is understood that when the 
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Au-adding amount is 0.1 wt%, the detection sensitivity 
to NOx is suddenly lowered when the oxygen concen- 
tration in the measurement gas becomes high, while 
when the Au-adding amount is not less than 0.5 wt%, 
the decrease in sensitivity is suppressed. When the Au- 
adding amount is 1 0 to 30 wt%, the detection sensitivity 
to NOx is scarcely changed even when the oxygen con- 
centration is greatly changed, and the sensitivity is not 
affected by the change in oxygen concentration in the 
measurement gas. 

Next, in the fifth illustrative experiment, observation 
was made for the change in sensitivity of the measuring 
pumping cell 82 (change in pumping current Ip2) with 
respect to the operation time (= durable time: 0 to 400 
hours) when the gas sensor 50 A according to the first 
embodiment was operated in a measurement gas hav- 
ing an NO concentration of 5000 ppm. Experimental re- 
sults are shown in FIG. 7. In FIG. 7, a characteristic 
curve "a* indicates a characteristic in the case of an Au- 
adding amount = 0.1 wt%. A characteristic curve "b" in- 
dicates a characteristic in the case of an Au-adding 
amount = 0.5 wt%. A characteristic curve "c" indicates 
a characteristic in the case of an Au-adding amount = 1 
wt%. A characteristic curve "d" indicates a characteristic 
in the case of an Au-adding amount = 10 to 30 wt%." 

■ According to FIG. 7, it is understood that when the 
Au-adding amount is 0.1 wt%, the detection sensitivity 
to NOx begins to decrease about 1 0 hours after the start 
, of the operation, and the gas sensor 50A does not func- 
tion after passage of time of 100 hours. However, when 
the Au-adding amount is 0.5 wt%, the detection sensi- 
tivity to NOx begins to decrease at a point of time after 
passage of a long period of time, i.e., about 200 hours 
after the start of the operation. In this case, the gas sen- 
sor 50A can be sufficiently put into practical use. 

When the Au-adding amount is 1 wt%, the detection 
sensitivity to NOx begins to decrease about 330 hours 
after the start of operation. When the Au-adding amount 
is 10 to 30 wt%, the decrease in detection sensitivity is 
not observed even after passage of 400 hours/ ' " 

Next, a gas sensor SOB according to the second 
embodiment will be explained with reference to FIG. 8. 
Components or parts corresponding to those shown in 
FIG. 1 are designated by the same reference numerals, 
duplicate explanation of which will be omitted/ 5 ' ■ 

As shown in FIG. 8, the gas sensor SOB according 
to the second embodiment is constructed in approxi- 
mately the same manner as the gas sensor 50 A accord- ' 
ing to the first embodiment described above (see FtG. 
1 ). However, the former is different from the latter in that 
a measuring electrode 106 is formed in the vicinity of 
the second diffusion rate-determining section 58 on an 
upper surface portion for forming the first chamber 60, 
of the upper surface of the first solid electrolyte layer 
52d, a measuring oxygen partial pressure-detecting cell 
108 is provided in place of the measuring pumping cell 
82, and a resistor R is connected between the inner 
pumping electrode 64 and the measuring electrode 1 06. 



A controlling oxygen partial pressure-detecting cell 1 20 
is constructed by the measuring electrode 106, the ref- 
erence electrode 72, and the first solid electrolyte layer 
52d. 

5 The resistor R is provided for allowing the measure- 
merit gas to have an optimum partial pressure of oxygen 
by unformalizing the oxygen concentration distribution 
in the depth direction in the first chamber 60 so that the 
measurement gas is supplied to the second chamber 62 
?o without decomposing the objective component (NOx) in. . 
the measurement gas. 

That is, if the oxygen concentration distribution is 
non-uniform, a current flows between the measuring 
electrode 1 06 and the inner pumping electrode 64, in an 
*5 amount corresponding to the dispersion of concentra- 
tion. The current is converted into a voltage by the aid 
of the resistor R, and the voltage is superimposed as a 
correction voltage on a target value (for example, 300 
mV) for the feedback control system 70. The feedback 
20 control system 70 controls the pumping voltage Vp1 for 
the main pumping ceil 68 so that the partial pressure of 
. oxygen in the first chamber 60 is made constant, and 
the dispersion of the oxygen concentration distribution 
in the first chamber 60 is absorbed. . T - : 

25 - - the measuring electrode 1 06 exposed to the inside 
. of the first chamber 60 is a cermet electrode comprising 
an alloy of Au and a metal of the platinum group and a 
. . ceramic component, in the same manner as the' inner 
k pumping electrode 64 described above. Au is contained 
30 in the alloy in a ratio of not less than 0.3 wt% and not 
. more than 35 wt%. ^ ^ : ^ [\ ^ /T" J 

On the other hand, the measuring x oxygen partial 
pressure-detecting cell 108 is constructed [ by a detect- 
ing electrode 110 formed on an upper surfaceportion 
3S for forming the second chamber 62, of the upper surface' 
of the first solid I electrolyte flayer 52d, the reference elec- 
„ trode 72 formed on the lower surface of the first solid 
electrolyte layer 52d. and the first solid electrolyte layer 

^o In this embodimenCan electromotive force (electfb-" 
motive force of an oxygen concentration cell) V2, which 
corresponds to a difference in oxygen concentration be- 
tween an atmosphere around the detecting electrode 
110 and an atmosphere around the reference electrode 

45 72, is generated between the detecting electrode 110 
and the reference electrode 72 of the measuring oxygen 
partial pressure-detecting ceil 1 08. ; ~ ~ -V» % 
'" Therefore, the partial pressure of oxygen in the at-' 
mosphere around the detecting" electrode 110,' in other. 

50 words, the partial pressure of oxygen defined by the ox- 
ygen produced by reduction or decomposition of the; 
measurement gas component (NOx) is detected as a. 
voltage value V2 by measuring the electromotive force 
(voltage) V2 generated between the detecting electrode 

55 no and the reference electrode 72 by using a voltmeter 

'112. y -; "7 / 

Th degree of change in the electromotive force V2 
represents the NO concentration. That is, the electro- 
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motive force V2, which is outputted from the measuring 
oxygen partial pressure-detecting ceil 108 constructed 
by the detecting electrode 110, the reference electrode 
72, and the first solid electrolyte layer 52d, represents 
the NO concentration in the measurement gas. 

In the gas sensor 508 according to the second em- 
bodiment, each of the inner pumping electrode 64. the 
measuring electrode 106, and the auxiliary pumping 
electrode 90 is a cermet electrode comprising the alloy, 
of Au and the metal of the platinum group and the ce- 
ramic component such as ZrO^, and Au is contained in 
the alloy in a ratio of not less than 0.3 wt% and not more 
than 35 wt%, in the same manner as the gas sensor 50A 
according to the first embodiment described above. 

Therefore, the inner pumping electrode 64, the 
measuring electrode 106, and the auxiliary pumping 
electrode 90, which include the alloy, have extremely 
low activities as the NOx-decomposing catalyst, and 
NOx is not decomposed even at a low partial pressure 
of oxygen. That is, the reaction of NO + (1/2)0 2 -* N °2 
is suppressed on the Inner pumping electrode 64 in the 
first chamber 60, and the sensitivity to NO of the gas 
sensor 508 scarcely depends on the concentration of 
O a contained in the measurement gas. 

Further, the Au-adding amount is defined to be not 
less than 0.3 wt% and not more than 35 wt%. Therefore, 
even when the Au component in the inner pumping elec- 
trode 64 of the main pumping cell 68 is decreased due 
to the operation of the gas sensor 50 B for a long period 
of time, the catalytic activity of the inner pumping elec- 
trode 64 is not expressed. r V; - - ' ■ 

As a result, in the gas sensor 508 according to the 
second embodiment described above, the oxygen, 
which behaves as a disturbing.component for the meas- 
urement of NOx, can be excluded to be substantially ze- 
ro without exerting any influence on the measurement 
of NOx. Accordingly, it is possible to measure NOx con- 
tained in the measurement gas highly accurately and 
stably for a long period of time by the aid of the meas- 
uring pumping cell, and the current-detecting means. " 

An illustrative experiment will now be described. In 
this illustrative experiment, there were prepared a gas 
sensor constructed in the same manner as the gas sen- 
sor 50B according to the second embodiment in which 
Au was added to the alloy for constructing the inner 
pumping electrode 64 in an amount of 0. 3 wt% (Example 
2), and a gas sensor constructed in the same manner 
as the gas sensor SOB according to the second embod- 
iment in which Au was' added in an amount of 0.1 wt% 
(Comparative Example 2), in the same manner as the 
first illustrative experiment mentioned above (see FIG. 
3 for the experimental results). Observation was made 
for whether or not the reaction of NO + (1/2)O a ~» NO a 
was suppressed by increasing the Au-adding amount. 

Experimental results are shown in FIG. 9. In FIG. 9, 
a characteristic curve *a* was obtained by plotting the 
change in the electromotive force V2 when the NO con- 
centration in a measurement gas (0 2 concentration =. 



0.3 %) was increased, based on the use of Example 2. 
A characteristic curve "V was obtained by plotting the 
change in the electromotive force V2 when the NO con- 
centration in a measurement gas (0 2 concentration = 
5 20 %) was increased, based on the use of Example 2 
as well. A characteristic curve "c" was obtained by plot- - 
ting the change in the electromotive force V2 when the 
NO concentration in a measurement gas (0 2 concen- 
tration =: 20 %) was increased, based on the use of Cqm- 
io parative Example 2. 

According to FIG. 9, the detection sensitivity to NOx 
in Example 2 (Au-adding amount = 0.3 wt%) is not in- 
creased even when the oxygen concentration in the 
measurement gas in the external space is greatly 
is changed from 0.3 % to 20 % as depicted by the charac- 
teristic curve 'b\ as compared with the case of Com- 
parative Example 2 (Au-adding amount a 0.1 wt%). 
Therefore, it is understood that the reaction of NO+ (1/2) 
0 2 N0 2 is suppressed on the measuring electrode 
20 106 and the auxiliary pumping electrode 90, as com- 
pared with Comparative Example 2. " ' . -i 
Each of the gas sensors 50 A, 508 according to the 
first and second embodiments are manufactured by 
stacking and integrating six green sheets composed of 
2$ ceramics, followed by sintering. . , ^ r > . . 
. Specifically, at first, a wiring pattern for the heater 
102 is formed by printing via the insulative layer 104 on 
the first layer green sheet which serves as the first sub- 
strate layer 52a. Respective electrode pastes for the in- 
30 ner pumping electrode 64, the auxiliary pumping elec- 
trode 90, and the detecting electrode SO (as well as the 
measuring electrode 106, if necessary) are formed by 
printing on a first principal surface of the fourth layer 
green sheet which serves as the first solid electrolyte 
3$ layer 52d. An electrode paste for the reference electrode 
72 is formed by printing on a second principal surface 
thereof.. ~, ,. r ]. : v * * ^-V^t- 
.. After thai a ceramic layer, which serves as the third 
diffusion rate-determining section 84, is formed so as to 
40 cover the electrode paste for the detecting electrode 80 
formed on the fourth layer green sheet. „ . 

Subsequently, electrode pastes for the inner pump- 
ing electrode 64 and the auxiliary pumping electrode 90 
are formed by printing on side walls of respective win- 
45 dows (windows for comparting and forming the first 
chamber 60 and the second chamber 62) of the fifth lay- 
er green sheet which serves as the second spacer layer 

. After that, an electrode paste for the outer pumping 
so electrode 66 is formed by printing on a first principal sur- 
face of the sixth layer green sheet which serves as the 
second solid electrolyte layer 52f. Respective electrode 
pastes for the inner pumping electrode 64 and the aux- 
iliary pumping electrode 90 are formed by printing on a 

55 second principal surface thereof 

After that, the first to sixth green sheets are stacked 
one after another to construct a stacked unit, and the 
stacked unit is cut along a prescribed planar configura- 
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tion. The stacked unit after the cutting is sintered and 
integrated at a temperature not less than 1 300°C to pro- 
duce the gas sensor 50 A or 50B according to the first 
or second embodiment described above. •'* -v 

When the plurality of green sheets are stacked and 
integrated with each other by means of the sintering as 
described above to produce the gas sensor 50 A or SOB, 
in which the cermet electrode comprising the alloy of Au 
and the metal of the platinum group and the ceramic 
component such as Zr0 2 is used for the inner pumping 
electrode 64 and the auxiliary pumping electrode 90, if 
the ratio of Au contained in the alloy is not less than 37 
wt%, then the abnormal grain growth occurs in the alloy 
during the process of sintering and integration. For this 
reason, it is difficult to perform the sintering at a temper- 
ature not less than 1 300°C. That is, under the foregoing 
condition, it is impossible to produce the gas sensor by 
sintering and integrating the stacked unit comprising the 
plurality of green sheets. * 

An- illustrative experiment will now be described. In 
this illustrative experiment, observation was made for 
the change in electric resistance and the relationship be- 
tween the Au-adding amount in the alloy for constructing 
the inner pumping electrode 64 and the presence or ab- 
sence of the occurrence of abnormal, grain growth. The 
presence or absence of the abnormal grain growth was 
determined by observing the electrode surface by 
means of SEM. ~' v 

Experimental results are shown in a table in FIG. 
10. According to the table in FIG. 10. it is understood 
that the abnormal grain growth occurs when the Au-add- 
ing amount is 37 wt% or more, in accordance with which 
the resistance value of the inner pumping electrode 64 
is also increased. When the Au-adding amount was 36 
wt%, the occurrence of abnormal grain growth was not 
observed. However, the electric resistance was 12 Q 
which was higher than the resistance value of the elec- 
trode (9 Q) obtained when the Au-adding amount was 
35 wt% or less. Accordingly, it is assumed that when the 
Au-adding amount is 12 Q, the abnormal grain growth 
occurs in a degree not observable by using SEM. 

Therefore, the upper limit of the Au-adding amount 
is preferably 35 wt%, and optimally 10 wt%. X K - : 

When the Au-adding amount is 0.2 wt%, the detec- 
tion sensitivity to NO of the measuring pumping cell 82 
is decreased in the excessive correction state as de- 
scribed above. Under this condition, when the gas sen- 
sor 50 A is operated for a long period of time, the detec- 
tion sensitivity to NO of the measuring pumping cell 82 
is also decreased. Therefore, the lower limit of the Au- 
adding amount is desirably not less than 0.3 wt%, and 
optimally 0.5 wt%. 

In the gas sensors 50 A, 50B according to the first 
and second embodiments described above, NOx is the 
obj ctrve as the measurement gas component. Howev- 
er, the present invention is also effectively applicable to 
measurement of bound oxygen -containing gas compo- 
nents other than NOx, for example, H 2 0 and CO2. which 



would be otherwise affected by the oxygen existing in 
the measurement gas. 

it is a matter of course that the gas sensor according 
to this invention is not limited to the embodiments de- 
s scribed above, which may adopt various constructions 

without deviating from the gist or essential characteris- ' 
tics of this invention. ' " : ' ' * 

io Claims 

1. A gas sensor for determining a predetermined gas 
component in a measurement gas by reducing or 
decomposing said predetermined gas component 

is in said measurement gas to measure an amount of 
oxygen produced during said reduction or decom- 
position, said gas sensor comprising: ' 

a main pumping means (68) including a pair of 
20 pumping electrodes (64, 66) one of which is dis- 

' : r posed on a side for introducing said measure- 
ment gas from external space thereinto, for 
• ' pumping-processing oxygen contained in said 
/: measurement gas introduced from said exter- 
25 ■ ' : > nal space, on the basis of a control voltage 
( V P 1 ) applied between said pair of pumping 
"electrodes (64, 65) so that a partial pressure of , - 
oxygen in a process atmosphere is controlled 

* to have a predetermined value at which NO is 
30 "not decomposable; ~Y*-~;~> -~ ■ " 

■' >■ - \ a measuring pumping means (82) including a ; 
; ~ r pair of detecting electrodes (72, 80) one of . 
•;. ; which is disposed on a side for introducing said 
: measurement gas after being pumping-proc- 
35 essed by said main pumping means (68) there- . 

- .- - j nt0j f 0r p Um ping-processing oxygen contained 
in said measurement gas after being pumping- 
- : ; "processed by said main pumping means (68), 
. - .w ^ tne fc as j s Q f a measuring voltage (Vp2) ap- 
40 - "- plied between said pair of detecting electrodes 7. 

■ (72. 80); and T " r v : ;; ; v ^; ' *' ; ' 

* * a current-detecting means (88) for detecting a 

"" pumping current (Ip2) generated depending on .'. 
* v -'an amount of said oxygen pumping-p recessed 
45 - l l ;by said measuring pumping means (82); 

■ "'" wherein : - ; - • -* v " r \ 
A f. at least one of said electrodes (64) exposed to ... 

a process space (60) for said measurement gas 
introduced from said external space is a cermet 

50 - electrode composed of an alloy of Au and a 

metal of the platinum group and a ceramic com- 
ponent, and Au is contained in said alloy in a. 
ratio of not less than 0.3 wt% and not more than 
' 35wt%. -. ; • ;*. 

55; *■ v • ■ 5 - : * - ■* ' 

2. The gas sensor according to claim 1 , wherein said 
oxygen is produced any one of or both of actions of 

• application of a voltage sufficient to decompose 
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said predetermined gas component between said 
pair of detecting electrodes (72. 90), and a catalyst 
for decomposing said predeterm ined gas compo- . 
nent, arranged for said measuring pumping means 
(82), and said measuring pumping means (82) 
pumping-processes said oxygen on the basis of 
said measuring voltage (Vp2) applied between said 
pair of detecting electrodes (72, 80). 

3. A gas sensor for determining a predetermined gas 
component in a measurement gas by reducing or 
decomposing said predetermined gas component 
in said measurement gas to measure an amount of 
oxygen produced during said reduction or decom- 
position, said gas sensor comprising: 

a main pumping means (68) including a pair of 
pumping electrodes (64, 66) one of which is dis- 
posed on a side for introducing said, measure- 
ment gas from external space thereinto, for 
pumping-processing oxygen contained in said 
measurement gas introduced from said exter- 
nal space, on the basis of a control- voltage 
(Vpi) applied between said, pair of pumping 
electrodes (64, 66) so that a partial pressure of 
oxygen in a process atmosphere is controlled 
to have a predetermined value at which NO is . 
not decomposable; . . .. 

a concentration-detecting means (108) includ- 
ing a pair of detecting electrodes (72, 110) one 
of which is disposed on a side for introducing 
said measurement gas after being pumping- 
. processed by said main pumping means (68) 
thereinto, for generating an electromotive force 
(V2j corresponding to a difference between an 
amount of oxygen contained in said measure- 
ment gas after being pumping-processed by 
said main pumping means (68) and an amount 
of oxygen contained in a gas existing on a side 
of the other detecting electrode (72); and 
a voltage-detecting means (112) for detecting 
said electromotive force (V2) generated by said 
. concentration-detecting means (108); wherein 
; . at least one of said electrodes (64) exposed to 
a process space for said measurement gas in- 
troduced from said external space is a cermet 
electrode composed of an alloy of Au and a 
metal of the platinum group and a ceramic com- 
.. ponent, and Au is contained in said alloy in a 
ratio of not less than 0. 3 wt% and not more than 

35 wt%: . , 

4. The gas sensor according to claim 3, wherein said 
concentration-detecting means (108) generates 
said electromotive force (V2) of an oxygen concen- 
tration cell corresponding to a difference between 
said oxygen produced in accordance with an action 
of a catalyst for decomposing said predetermined 



; . r gas component arranged for said concentration-de- 
. tecting means (108) and said oxygen contained in 
.; - .said gas existing on said side of the other detecting 
electrode (72). . Y 
5 '•..'•.%.„-..-■ 
■ . 5. , , The gas sensor according to any one of claims 1 to 
: 4, wherein Au is contained in said alloy of Au and 
... said metal of said platinum group in an amount of 
not less than 0.5 wt% and not more than 10 wt% 
io with respect to said metal of said platinum group. 

. 6. The gas sensor according to any one of claims 1 to 
5, further comprising: 



*5 \.- a concentration-measuring means (120) in- 
■ '. - , : -v eluding a pair of measuring electrodes (72 , 1 06) 
' - ' . \ .. one of which is disposed on a side for introduc- 
. - ing said measurement gas from said external 
space thereinto, for measuring an electromo- 
20 . . tive force (V0) generated depending on a dif- 
ference between an amount of oxygen con- 
. ..tained in said measurement gas during said 
~ v -pumping process effected by said main pump- 
. -V ~ ' n 9 means (68) and an^amount of oxygen con- ' 
& -r . tained in an atmosphere on a side of the other . 

- measuring electrode (72); and • v - c 

; a main pumping control means (70) for adjust-, 
ing said control voltage (Vpi) for said main 
.- j. ,. pumping means (68) on the basis of said elec- . 
so : l^;/ 4: .; t tromotive force (V0) detected by said concen- 
^ ? tration-measuring means. ,.- - - , ^ r -. 

.7. ; : The gas sensor according tp claim 6 , wherein said 
• main pumping control means (70) is provided with 
35 ... • a comparing means (74) for determining a deviation, 
^ . (Vc) between said electromotive force (V0) and a 
^comparative voltage (Vb), and a level of said control 
. ...voltage (Vp1 ) applied between said pair of pumping 
v - electrodes (64, 66) of said main pumping means 
to./ ■ (68) is adjusted on the basis of said deviation (Vc) . 
obtained by said comparing means (74). . ^m^x- 

8. The gas sensor according to claim 7, further com- . 



.^prising:. 



45 



SO 



55 



m< ,j a pumping current-detecting means (Ri*) for de- 
V ^ tecting a pumping current (lp1) flowing through r 
<ri: .^ said main pumping means. (66) during said. 

... pumping process effected by said main pump- 
..^ ■ ing means (68); and - :: - ~ ■/ , : - . ' ~- 
■ z . . a comparative voltage-correcting means (78) 
for correcting a level of said comparative volt- 
• age (Vb) on the basis of a value of said pumping 
.. . current (Ipl ) detected by said pumping current- 
. . detecting means (Ri). _ . f - ... • 

9. The gas sensor according to any one of claims 6 to 
. 8, wherein said one pumping electrode (64) of said 
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main pumping means (68) is commonly used as 
said one measuring electrode (1 06) of said concen- 
tration-measuring means (120). 

10. The gas sensor according to any one of claims 1 to s 
9, further comprising an auxiliary pumping means - . 
(92) including a pair of auxiliary pumping electrodes 
(66, 90) one of which is formed in the vicinity of said 
one detecting electrode (80 or 110), for pumping- ' 

. processing oxygen contained in said measurement io 
gas after being pumping-processed by said main 
pumping means (68) on the basis of an auxiliary 
pumping voltage (Vp3) applied between said pair of 
auxiliary pumping electrodes (66, 90). 

- - 15 

11. The gas sensor according to claim 10, wherein the 
other auxiliary pumping electrode (66) is commonly 
used as said outer pumping electrode (66) of said * 
main pumping means (68). , > 

12. The gas sensor according to claim 10 or 11 , further 
comprising: 

an auxiliary concentration -measuring means 
(96) including a pair of auxiliary measuring * 25 ; 
electrodes (72, 90) one of which is disposed on 
a side for introducing said measurement gas af- 
ter being pumping-processed by said main 
pumping means (68), for generating an electro- ' : • : " 
motive force (V1 ) corresponding to a difference . 30 r . 
between an amount of oxygen contained in said •; v 
measurement gas after being pumping-proc- \ ~ 
essed by said main pumping means (68) and 
an amount of oxygen contained in a gas exist- _ ' 
ing on a side of the other auxiliary measuring . . 35 . 
electrode (72); and . - - .*' . .= - 

an auxiliary pumping control means (100) for ' - 
adjusting said auxiliary pumping voltage (Vp3) 
for said auxiliary pumping means (92) on the / . : \ 
basis of said electromotive force (V1 ) detected : *o 
by said auxiliary concentration-measuring \ 
means (96). * : . :\: 

13. The gas sensor according to claim 12, wherein:' : 

said one auxiliary measuring electrode (90) is - 
commonly used as said auxiliary pumping elec- \ 
trode (90) of said auxiliary pumping means 
(92); and " : ' 

the other auxiliary measuring electrode (72) is so 
commonly used as the other detecting elec- 
trode (72) of said measuring pumping means 
(82) or said concentration-detecting means 
(108). 

- — • - ss . 

14. The gas sensor according to any one of claims 1 to . 
13, wherein: 



said plurality of electrodes (64, 66, 72. 80. 90, 
106, 110) for constructing said respective 
means are formed on a substrate including sol- 
id electrolytes (52a to 52f); and 
said substrate is constructed by forming an in- 
sulative layer and an electrode layer on a green 
sheet composed of said solid electrolyte, stack- 
ing and integrating a plurality of said green 
sheets into one stacked unit, and sintering said 
stacked unit. 
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